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(54) NOVEL 2,3-DIKETOPIPERAZINE DERIVATIVE OR SALT THEREOF 

(57) The present invention relates to a 2,3-cfiketopiperazine derivative or a salt thereof, wNch has inhibitory effect 
on platelet aggregation because of glycoprotein llb/llla receptor antagonism and hence is useful as a prophylactic arxJ 
therapeutic agent for diseases associated with platelet aggregation. General fomuila: 
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wherein represents a protected or unprotected amkiino group: represents a hydrogen atom or a cartx>xyl-protect- 
ing group: A represents a sut)Stituted or unsubstituted lower alkylene group; B represents -0-. -CONH-, -NHCO- or - 
SO2NH-; Y represents a substituted or unsubstituted lower alkylene group; and the broken line represents a single 
bond or a double bond. 
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isoxazolyl, thiazolyl. isolhiazolyl. furazanyi. morpholinyl. furanyl, thienyi. pyranyl. thiopyranyl. benzothienyl, benzoxanyl, 
indolyl, benzothlazolyl, benzimidazotyl. quinolyt. naphthyridinyi. chromanyl or the like. 

The lower alkylene group for A may be substituted by at least one merrdDer selected from a lower alkyl group, a 
lower alkoxy group, a cycloalkyi group, an aryl group, an aralkyi group, a heterocyclic group, a carbamoyl group, a pro- 
£ tected or unprotected amino group, a protected or unprotected hydroxyl group, arxi a protected or unprotected cartx)xyl 
group. 

The above-exemplified substituents of A may be substituted by at least one member selected from a halogen atom, 
a lower alkyl group, a lower alkoxy group, a protected or unprotected hydroxyl group, a lower alkylenedioxy group and 
an aralkyi group. 

10 The lower alkylene group for Y may be substituted by at least one member selected from a lower alkyl group, a 
lower alkoxy group, a cydoalkyl group, an aryl group, an aralkyi group, a heterocyclic group, and a protected or unpro- 
tected hydroxyl group. 

The above-exemplified substituents of Y may be substituted by at least one member selected from a halogen atom, 
a lower alkyl group, a lower alkoxy group, a protected or unprotected hydroxyl group, and an aralkyi group. 

15 The cartx)xyl-protecting group includes all the conventional groups usable as cart^oxyl-protecting groups, for exam- 
ple, lower alkyl groups such as methyl, ethyl, n-propyt. isopropyl. 1 ,1-dimethylpropyl, n-txjtyi. tert-butyl and the like; aryl 
groups such as phenyl, naphthyl and the like; ar-lower alkyl groups such as benzyl, diphenyimethyl. triphenylmethyl, p- 
nitrobenzyl, p-methoxybenzy!. bis(p-methoxyphenyl)methyl and the like; acyl-lower alkyl groups such as acetylmethyl. 
benzoylmethyl, p-nitrobenzoyimethyl, p-bromobenzoyl methyl, p-methanesulfonylt>enzoylmethyl and the like; oxygen- 

so containing heterocyclic groups such as 2*tetrahydropyranyl. 2-tetrahydroluranyl arKl the like; halogerK}-lower alkyl 
groups such as 2.2.2-trichloroethyl and the like; lower alkylstlylalkyl groups such as 2-(trimethylsilyl)ethyl and the like; 
acyloxy-lower alkyl groups such as acetoxymethyl. propionyloxymethyl. pivaloyloxymethyl and the like; nitrogen-con- 
taining heterocyclic lower alkyl groups such as phthalimidomethyl. succinimidomethyl and the like; cydoalkyl groups 
such as cyclohexyl arid the like; lower alkoxy-lower alkyl groups such as methoxymethyl, methoxyethoxymethyl. 2-(tri- 

25 methylsilyl)ethoxymethyl and the like; ar-lower alkoxy-lower alkyl groups such as benzyloxymethyl and the like; lower 
alkylthio-lower alM groups such as methytthiomethyl, 2-methylthioethyl and the like; arylthio-lower alkyl groups such as 
phenylthiomethyl and the like; lower alkenyl groups such as 1.1-dimethyl-2-propenyl, 3-methyl-3-butenyl. allyl and the 
like; and lower alkyl-substituted silyl groups such as trimethylsilyl. triethylsilyl. triisopropylsilyl. diethylisopropytsilyl, tert- 
butyldimethylsilyl. tert-butyldtphenylsilyl. diphenylmethylsilyl, tert-butylmethoxyphenylsilyl and the like. 

30 The protecting group for each of the amidino group and the amino group includes all the conventional groups usa- 
ble as amino-protecting groups, for example, acyl groups such as trichloroethoxycartx>nyl. tribromoethoxycarbonyl, 
benzyloxycarbonyl. p-nitrobenzyloxycart)onyl. o-bromobenzyloxycartxKiyl, (mono-, di- or tri-)chloroacetyt, trifluoro- 
acetyl, phenylacetyl. formyl. acetyl, benzoyl. tert-amyloxycarkx>nyl. tert-butoxycartDonyl. p-methoxybenzyloxycartx)nyl. 
3.4-dimethoxybenzyloxycari3onyl. 4-(phenylazo)benzyloxycartx)nyl, 2-furfuryloxycarbonyl. diphenylmethoxycarbonyl, 

35 1,1-dimethytpropoxycarbonyl, isopropoxycart)oriyl, phthaloyl. sucdnyl, alanyl, leucyl, 1-adamantyloxycartx>nyl. 8-qui- 
nolyloxycarbonyl and the like; ar-lower alkyl groups such as benzyl, diphenyimethyl, trityl and the like; arylthio groups 
such as 2-nitrophenylthio. 2.4-dinitrophenylthio and the like; alkyl- or aryl-sulfonyl groups such as methanesutfonyl. p- 
toluenesulfonyl and the like; di-lower alkylamino-lower alkylidene groups such as N.N-dimethylaminomethylene and the 
like; ar-lower alkylkHene groups such as benzylidene, 2-hydroxybenzylldene. 2-hydroxy-5-chlorobenzylidene. 2- 

40 hydroxy-1 -naphthytmethylene and the like; nitrogen-containing heterocyclic alkylidene groups such as 3-hydroKy-4-pyri- 
dylmethylene and the like; cydoalkylidene groups such as cyclohexyltdene. 2-ethoxycarbony1cyclohexylidene. 2-ethox- 
ycarbonylcydopentylidene, 2-acetylcyclohexylidene. 3,3-dimethyl-5-oxycyclohexylidene and the like; diaryl- or diar- 
lower alkylphosphoryl groups such as diphenylphosphoryl. dibenzylphosphoryl and the like; oxygen-containing hetero- 
cyclic alkyl groups such as 5-methyl-2-oxo-2H-1,3-diQxol-4-yi-methyi and the like; and lower all^-substituted silyl 

45 groups such as trimethylsilyl and the like. 

The protecting group for the hydroxyl group includes all the conventional groups usable as hydroxyl-protecting 
groups, for example, acyl groups such as benzyloxycarbonyl, 4-nitrobenzyloxycartx)nyl. 4-bromobenzyloxycarbonyl. 4- 
methoxybenzyloxycarbonyl, 3.4<jimethQxybenzyloxycarbonyl. methoxycarbonyl. ethoxycart>onyl. tert-butoxycartX)nyl. 
1.1-dimethylpropoxycartx>nyl, i80propoxycartx)nyl, isobutylQxycaitx)nyl. diphenylmethoxycarbonyl, 2,2.2-trichlo- 

50 roethoxycart)onyl. 2.2.2-tribromoethoxycartK>nyl, 2-(trimethylsilyl)ethoxycarbonyl, 2-(phenylsulfbnyl)ethc»cycart>onyl. 2- 
(triphenylphosphonio)ethoxycarbonyl, 2-furfurylQxycart>onyl. 1 -adamantyloxycart»onyl. vinyloxycarbonyl, allytoxycarbo- 
nyl. S-benzylthiocartDonyl. 4-ethQxy-1-naphthyloxycarbonyi, 8-quinolyloxycarbonyl. acetyl, formyl. chloroacetyl. dichlo- 
roacetyl. trichloroacetyl. trifluoroacetyl. methoxyacetyl. phenoxyacetyl. pivaloyl. benzoyl and the like; lower alkyl groups 
such as methyl, tert-butyl. 2.2.2-trichloroethyl. 2-trimethylsilylethyl and the like; lower alkenyl groups such as allyl and 

55 the like; ar-lower alkyl groups such as benzyl, p-methoxybenzyl. 3,4-dlmethQxybenzyl. diphenyimethyl. trityl and the 
like; oxygen-containing or sulfur-containing heterocyclic groups such as tetrahydrofuryl. tetrahydropyranyl. tetrahydro- 
thiopyranyl and the like; lower alkoxy- or lower alkylthio-lower alkyl groups such as methoxymethyl. methytthiomethyl. 
benzyloxymethyl. 2-methoxyethoxymethyl, 2.2,2-trichloroethoxymethyl, 2-(trimethylsilyl)ethoxymethyl. l-ethoxyethyl 
and the like; alkyl- or aryl-sulfonyl groups such as methanesutfonyl. p-toluenesulfonyl and the like; and lower alkyl-sub- 
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3-[4-[3-{4-Arnidinophenoxy)propyn-2.3<Jioxopiperazin-1-yQ-3-(2<hlorophenyl)prop^ acid, 
3-[4-[3-{4-Amidinophenaxy)propyQ-2,3<iioxopiperazirv1-yn-3-(2,4<Jichlorophen^ add, 
3-[4-[4-(4-Amidinophenoxy)butyQ-2,3-diQxopipera2in-1 -yQ-3-(4-chlorophenyl)propionic add, 
3-[4-[4-(4-Amidinophenoxy)butyn-2,3<liQxoplpera2in-1 -yI]-3-{3-dilorophenyi)propionic add, 

5 • 3-[4-[4-(4-Amidinophenoxy)butyl]-2,3-dioxopipera2in-1 -yl]-3-(2-dilorophenyi)propionlc add, 

3-i4-[4-{4-AniidirK)phenoxy)butyl]-2,3<liQxopipera2in-^ -yl]-3-(2.4-dichlorophenyl)propionic acid. 
3-[4-[3-(4-AmidinophenQxy)propyQ-2.3-dioxopiperazin-1 -yq-3-(4-methQxyphenyl)propionic add. 
3-[4-[3-(4-AniidinophenQxy)propyl]-2.3<lioxopiperazin-1-yl]-3-(3-me 
3-t4-[3-(4-Amidinophenoxy)propyl]-2.3<lioxcpipera2in-1-yQ-3-{2-me 

10 • 3-[4-[3-(4-Amidinophenoxy)propyl]-2,3<lioxopipera2in-1-yl]-3-(2-t^ 

3-[4-[3-(4-Amidinophenoxy)pro|^-2,3-<Jioxopiperazin-1 -yl]-3-(3-thienyl)propionic add, 

• 3-[4-[4-(4-AmidinophenQxy)biityQ-2.3<licix(^ -yq-3-(2-thlenyl)propioniG acid, 
3-[4-[4-(4-Amidinophenoxy)butyl]-2.3-diQxopipera2in-1 -yI]-3-(3-thienyl)propionic acid, 
3-(4-(3-(4-AmidirK)phenoxy)propyO-2.3<Iioxopipera2in-1 -yQ-3-(2-furyl)p^ acid, 

15 • 3-[4-[3-(4-Amidinophenoxy)propyf]-2.3-dioxopiperazin-1-yI]-3-(3-furyl)proplonic acid, 
3-[4-[4-(4-Amidinophenoxy)buty(]-2.3-diQxopipera2in-1 -yl]-3-(2-fury!)propionic add. 
3-[4-[4-(4-AmidinophenQxy)butyq-2.3<liQxopiperazin-1 -yl]-3-(3-furyl)propionic acid, 
3-I4-[3-{4-Amidinophenoxy)propyl]-2,3-dioxopipera2in-1 -yl]-3-(1 ,3-benzodioxol-5-yl)propionic add. 
3-[4-[4-(4-Amidinophenoxy)butyG-2,3-dicxopip€ra2in-1 -yl]-3-(1 ,3-benzodioxol-5-yl)propionic acid, 

20 • 3-[4-[3-(4-Amidinophenoxy)propyq-2.3-dioxopiperazin-1 -yl]-2-[(1 ,3-benzodioxol-5-yl)methyl] propionic acid, 
3-[4-[4-(4-Amidinophenoxy)bLJtyq-2.3-diaxopiperazin-1 -yl)-2-[(1 ,3-ben20dioxol-5-yl)methyl]propionic acid, 
3-[4-[3-(4-Amidinophenoxy)propyq-2,3<fioxopiperazin-1-yq-3-(thiazol*2-yi)propionic acid, 
3-[4-[3-(4-AmidjnophenQxy)propyl]-2,3-dioxopiperazin-1 -yl]-3-(thiazol-4-yl)propionic acid, 
3-[4-[3-{4-AmidiiTophenaxy)propyO-2.3<Jioxcpiperazin-1-yQ-3-(thiazol-5-yl)pr(^^ add, 

25 • 3-[4-[4-(4-AiTudinophenoxy)butyq-2.3Hiicxxopiperazin-1^^ acid, 
3-[4-[4-(4-Amidinophenoxy)butyl]-2.3-diaxopipera2in-1 -yq-3-(thiazol-4-yl)propionic acid. 
3-[4-[4-{4-Amidinophenoxy)butyl]-2.3-diQxopipera2in-1 -yl]-3-(thia2ol-5-yl)propionic acid. 
3-[4-[3-{4-Amidinophenoxy)propyO-2,3<lioxcpiperazin-1-yn-3-[(N-berizyl-N-methy()car^^ 

• 3-[4-[4-(4-Amidirx)phenoxy)butyl]-2.3<liQxopipera2inO-yn-3-[(N-benzyl-N-m 
30 • 2-(4-[3-(4-Amidinophenoxy)propyq-2,3<JioxopiperazinO-y1]su^ acid. 

2- [4-[4-(4-Amidinophenoxy)buty!]-2.3<fiQxopiperazin-1 -yOsuccinic add. 

3- [4-t3-(4-Amidinophenoxy)propyn-1,2.3,4-tetrahydro-2.3<iioxopyrazin-1-yl]-3-(p^^ 
3-[4-[4-(4-Amidinophenaxy)butyl]-1 ,2,3,4-tetrahydro-2,3-diQXopyra2in-1 -yQ-3-(pyridin-3-yl) propionic acid, 
3-[4-[3-(4-AnrudinophenQxy)propyq-2.3<lioxopiperazin-1-yl]-3-(1 -naphthyl)propionic add. 

35 • 3-[4-[3-(4-Amidinophenoxy)pro|3yq-2.3KJioxoptper^^ add, 
3-[4-[3-(4-Amidinophenoxy)propyO-2.3<iioxopipera2in-1-yl]-3-(benzon3]tN 

3-[4-[3-(4-Amidinophenoxy)propyl]-2,3-dioxopiperazin-1 -yQ-3-(benzo{blthi add, 
3-[4-[3-(4-Amidinophenoxy)propyl]-2,3-dioxcpipera2in-1-yq-3-(benzo[b]thiophen-5 
3'[4-[3-(4-Annidinophenoxy)propyq-2.3-dioxopiperazin-1 -yq-3-(benzofuran-2-yl)propionic acid, 
40 • 3-[4-[3-(4-Amidinophenoxy)propyq-2,3-dioxopiperazin-l-yq-3-(benzofura 

3-{4-[3-(4-AmidinophenQxy)propyq-2.3-dibxopiperazin- 1 -yq-3-(benzof uran-5-yl)propionic acid, 
3-[4-[2-(4-Amidinophenaxy)ethyq-2.3-dioxopiperazin-1 -yq-3-(pyridin-3-yl)propionic add. 

• 3-[4-[3-(4-Amidinophenoxy)propyq-2.3-dioxopiperazin-1-yq-3-(butyl)proplonic acid. 

• 3-[4-[2-(4-Amidinobenzoylamino)ethyq-2,3-dioxopipefazin' 1 -yq*3-(pyridin-3-yl)propionic add. 
45 • 3-[4-[3-(4-Amidinobenzoylamino)propyq-2,3-dioxopiperazin- 1 -yq-3-(pyridin-3-yl)proptonic add. 

[4-[2-(4-Amidinobenzoylamino)ethyq-2,3-dioxopipera2in-1 -yqacetic acid. 
[4-[3-(4-Amidinoben2oylamino)propyq-2.3-dioxopiperazin-1 -yl]acetic acid. 
3-[4-[2-(4-Amidinobenzoylamino)ethyq-2,3<lioxopiperazin-1 -yq-3-(pyridin-2-yl)propionic add. 
3-[4-[2-(4-Amidinobenzoytamino)ethyq-2,3<iioxopipeiazin-1-yq-3-(pyrtdin-4 add, 
so • 3-[4-[2-(4-Aniidinobenzoylamino)ethyq-2.3<lioxopiperazin-1-yq-^ add. 
3-[4-[2-(4-Amidinobenzoylamino)ethyq-2,3-dioxopipera2in-1 -yq-2-phenylpropionic add, 
3-[4-[2-(4-Amidinobenzoylamino)ethyq-2,3-dioxopiperazin-1 -yq-3-(1 ,3-benzodioxoi-5-yl)propionic add, 

• 3-[4-[2-(4-Amidinobenzoyiamino)ethyq-2.3Hjioxopiperazin-1 -yq-2-(1 ,3-benzodioxol-5-yl)prcpionic add. 
3-[4-[2-(4-Amidinobenzoytamino)ethyq-2.3-dioxopiperazin-1 •yl]-2-{(1 ,3*benzodoxol-5-yl)nnethyqpropionic acid. 

55 • 3-t4-[2-(4-Amidinobenzoylamino)ethyq-2,3-dioxopiperazin-1 -yq-3-(thiaphen-2-yl)propionic add. 
3-[4-[2-(4-Annidinobenzoyiamino)ethyl]-2,3<lioxopiperazin-1 -yq-3-(thiophen-3-yl)pro^ add, 
3-[4-[2-(4-Amidinobenzoylamino)ethyq-2.3-dioxopipefazin-1 -yq-3-methylpropionic add. 
3-[4-[2-(4-Amidinobenzoylamino)ethyq-2.3-dioxopipera2in-1 -yq-3-(cyclopropyl)propionic add, 
3-[4-[2-(4-Amidinobenzoylaniino)etf^q-2,3<lioxopiperazin-1 -yl)-3-(3-furyl)propionic acid. 
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[Production process 1] 
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[Production process 4] 
NC 



° / 



^fi)— B3-Y— 2~N-A-COOR2a 



H2 



NH 



R5S 



E2N 




H2S 
Base 



O O 
B3-y— ^N-A-COOR2a 



R5-X1 



till 





B3-Y— N N-A-C0OR2a 

\.„y 



NH3 or NH4X2 

[13J 



B3-y— N N-A-COOR2a 



[91 



110] 



[121 



lie] 



40 



45 



SO 



55 



9 



BNSDOCIO: <EP ce0S149A1J_> 



EP 0 805 149 A1 



The removing group includes halogen atoms, methanesulfonyl group, p-toluenesulfonyl group, etc. 
[Production process 1] 

5 A compound of the general formula [1 a] can be produced by reacting a compound of the general formula [2] with a 

compound of the general formula [3a] in the presence of a base. 

Any solvent may be used in this reaction so long as it has no undesirable influence on the reaction. The solvent 
includes, for example, aromatic hydrocart>ons such as benzene, toluene, xylene and the like; ethers such as dioxane. 
tetrahydrofuran. anisole. diethylene glycol diethyl ether, dimethyl Cdlosolve and the like; nitriles such as acetonitrile and 

10 the like; amides such as N.N-dimethylformamide. N.N-dimethylacetamide and the like; halogenated hydrocartxsns such 
as methylene chloride, chloroform. 1 .2-dichloroethane and the like; and sulfoxides such as dimethyl sulfoxide and the 
like. These solvents may be used singly or as a mixture thereof. The t>ase used in the reaction includes, for example, 
inorganic or organic bases such as sodium hydride, metallic sodium, potassium tert-butoxkje, sodium cartx)nate, potas- 
sium cartxjnate, sodium hydroxide, potassium hydroxide. 1,8-dia2abicydo[5.4.0]undec-7-ene (DBU) and the like. 

75 In the reaction, the compound of the general formula [3a] can be used in an amount of 1 to 50 moles, preferably 1 
to 3 moles, per mole of the compound of the general formula [2]. The base can be used in an amount of 0.01 to 50 
moles, preferably 1 to 3 mdes. per mole of the compound of the general formula [2].. Usually, the reaction can be carried 
out at -20*C to +150*C. preferably +10»C to +100«C for 1 minute to 24 hours. 

20 [Production process 2] 

A compourKl of the general formula [1 a] can be produced by reacting a compound of the general formula [4] with a 
compound of the general formula [5] or a compound of the general formula [6] in the presence of a k^se. 

Any solvent may be used in this reaction so long as it has no undesirable influence on the reaction. The solvent 
25 includes, for example, aromatic hydrocartX)ns such as benzene, toluene, xylene and the like; alcohols such as metha- 
nol, ethanol. propanol and the like; esters such as ethyl acetate and the like; ethers such as dtoxane. tetrahydrofuran. 
anisole, diethylene glycol diethyl ether, dimethyl Cellosolve and the like; nitriles such as acetonitrile and the like; amides 
such as N.N-dimethylformamide, N.N-dimethylacetamide and the like; halogenated hydrocartx)ns such as methylene 
chloride, chloroform. 1 .2-dichloroethane and the like; and sulfoxides such as dimethyl sulfoxide and the like. These sol* 
30 vents may be used singly or as a mixture thereof. 

The base includes, for example, irx>rganic or organic t>ases such as sodium hydride, metallic sodium, potassium 
tert-butoxide. sodium cartx^nate, potassium cart>onate. sodium hydroxide, potassium hydroxide. 1 ,8Hdiazabicy- 
clo[5.4,0]undec-7-ene (DBU) and the like. 

In the reaction, the compound of the general formula [5] can be used in an amount of 1 to 50 moles, preferably 1 
35 to 3 moles, per mote of the conpound of the general formula [4]. The compound of the general formula [6| can t>e used 
in an amount of 1 to 200 moles, preferably 1 to 50 moles, per mole of the compound of the general formula [4]. 

The base can t^e used in an amount of 0.01 to 50 moles, preferat)ly 0.1 to 3 moles, per mole of the compound of 
the general formula [4]. 

Usually, the reaction can be carried out at -20'C to +150*^0, preferably +10**C to +100''C for l minute to 24 hours. 

40 

[Production process 3] 

A compound of the general formula [1b] can be produced by reacting a compound of the general formula [7] or its 
reactive derivative substituted at the amino group with a compound of the general formula [8a] reactive derivative sub- 
45 stitLited at the cartx)xyl group or with a reactive derivative substituted at the sulfo group of the compound of the general 
formula [8b]. 

The reactive derivative of the compound of the general formula [8a] includes acid halides, acid anhydrkies, acti- 
vated amides, activated esters, etc. Preferable examples of the reactive derivative are acid chlorides; ackJ asides; 
mixed add anhydrides with ackjs (e.g. dialkylphosphork: adds such asdimethylphosphoric acid, diethylphosphoric add 

so arKi the like; diphenylphosphoric add; phosphoric halkies such as phosphorus oxychforkile. phosphorus pentachlorkJe 
and the like; dialkylphosphonic adds such as dimethylphosphonic add, diethytphosphonic add and the like; sulfonic 
acids such as sulfurous acid, thiosulfuric acid, sulfuric acid. methanesuHonic acid and the like; and aliphatic carkxsxylic 
acids such as acetic acid, propionic acid, pivalic add, trichloroacetic add and the like, and aromatic cartx)xylic acids 
such as benzoic ackj and the like); symmetric add anhydrides; activated amides with imidazole, dimethylpyrazole. tria- 

55 zole. tetrazole. 1 -hydroxy- IH-benzotriazole; activated esters such as cyanomethyl ester, methoxymethyl ester, vinyl 
ester, propargyl ester, p-nitrophenyl ester. 2.4-dinitrophenyl ester, trichlorophenyl ester, pentachlorophenyl ester, phe- 
nyl tiiioester, p-nitrophenyl ester, pyranyl ester, pyridyl ester. 8-quinolyl thioester and tiie like; and esters with N-hydroxy 
compounds such as N.N-dimethylhydroxylamine. N-hydroxysuccinimide, N-hydroxy-l H-benzotriazole and the like. 
The reactive derivative of the compound of tiie general formula [8b] indudes acid chlorides, ackl anhydrides, eto. 
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with ammonia or a compound of the general formula [1 3]. 

Any solvent may be used in this reaction so long as it has no undesirable influence on the reaction. The solvent 
includes* for example, ketones such as acetone and the like; alcohols such as methanol, ethanol and the like: 
ethers such as dioxane. tetrahydrofuran. anisole. diethylene glycol diethyl ether, dimethyl Cellosolve and the like; 
5 amides such as N.N-dimethylformamide. N.N-dimethylacetamide and the like; and dimethyl sulfoxide. These sol- 

vents may be used singly or as a mixture thereof. 

The compound of the general formula [13] includes ammonium salts such as ammonium chloride, ammonium 
bromide, ammonium acetate and the like. 

Ammonia or the compound of the general formula [1 3] can be used in an amount of 1 to 1 00 mdes. preferably 
10 1 to 10 moles, per mole of the compound of the general formula [1 2] or its salt. 

Usually, the reaction can be carried out at O^'C to +1 SO'^C. preferably +20''C to +120^0 for 1 minute to 24 hours. 

[Production process 5] 

IS A compound of the general formula [Id] can be produced by reacting a compound of the general formula [1 4], its 
reactive derivative sutDstituted at the cartsoxyl group, or a salt of the compound of the general formula [14] or the deriv- 
ative thereof with a compound of the general formula [1 5], its reactive derivative sutDstituted at the amino group, or a salt 
of the compound of the general formula [15] or the derivative thereof. 

Examples of the reactive derivative of the compourKi of the general formula [14] substituted at the carboxyl group 

so and the reactive derivative of the compound of the general formula [15] substituted at the amino group are the same 
reactive derivatives substituted at the cartxsxyl group or the amino group, respectively, as those exemplified in produc- 
tion process 3. 

Examples of the solvent, condensing agent and base which are used in this reaction are the same as those given 
in production process 3. 

25 . The compound of the general formula [1 5] can be used in an amount of 1 to 20 moles, preferably 1 to 3 moles, per 
mole of the compound of the general formula [14]. Usually, the reaction can be carried out at -SO^C to +150''C, prefer- 
ably -30**C to +100*C for 1 minute to 24 hours. 

[Production process 6] 

30 

(1) A compound of the general formula [17] can be produced by reacting a compound of the general formula [9] 
with a compound of the general formula [16] in the presence of an acid. 

In this reaction, the compound of the general formula [16] may be used also as a solvent, or any other solvent 
may be used so long as it has no undesirable influence on the reaction. This solvent includes, for example, esters 
35 such as ethyl acetate arKi the like; ethers such as dioxane, tetrahydrofuran, anisole. dietiiylene glycol diethyl ether 
and tiie like; and halogenated hydrocarbons such as methylene chloride, chloroform. 1.2-dichloro^hane and tiie 
[ike. These solvents may be used singly or as a mixture thereof. 

The add includes hydrogen chloride, hydrobromic acid, perchloric acid, p-toluenesulfonic acid, methanesui- 
fonic add, etc. 

^ In the reaction, tiie compound of tiie general fornula [16] can be used in an amount of 1 to 1 .000 moles, pref- 

erably 10 to 100 moles, per mole of tiie compound of the general formula [9]. 

The acid can be used in an amount of 1 to 200 moles, preferatrfy 5 to 1 00 moles, per mole of the compound of 
the general formula [9]. 

Usually, tiie reaction can be carried out at -30''C to +150''C. preferat^ly -i-10''C to -i-SO^'C for 30 minutes to 24 
45 hours. 

(2) A compound of the general formula [1c] can be produced by reacting the compound of the general formula [1 7] 
with ammonia or a compound of the general formula [13]. 

Examples of the base, the solvent and the compound of the general formula [1 3] which are used in this reaction 
are the same bases, solvents and compounds of the general formula [1 3] as those exemplified in production proc- 
so ess 4 (3). 

Usually, the reaction can be carried out at 0 to +150**C, preferably +20*C to +120*C for 1 minute to 24 hours. 
In the production processes explained above, the compounds of the general formulas [2], [3a], [4], [5], [6], [7], 
[8a]. [8b], [9], [1 0], [1 2]. [1 4] and [1 5] and tiie reactive derivatives of the compounds of the general formulas [7]. [8a]. 
[8b]. [14] and [1^ may be used in tiie form of a salt. Examples of tiie salt are the same salts as those exemplif ied 
55 as the salt of the compound of tiie general formula [1]. 

The compounds of the general formula [la], [lb]. [1c] and [Id] can be converted to their respective salts. 
. Examples of tiie salts are the same salts as those exemplified as the salt of the compound of the general formula 
[1]- 

Usually. each of the tiius obtained compounds of tiie general formulas [la], [lb]. [1c] and [IcQ or tiieir salts can 
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[Production process B] 
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[Production process D] 



O /O 
HN N-A-C0OR2a 



Base 



O /O 

y—i 

R7NH-Y— N N-A-COOR2a 



[2] 
129] 



t7a] 



Deprotection 



H2N-Y — N N-A-COOR2a 

v__y 
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[Production process E] 



HN N-A-C0OR2a 



R800C-Y-X1 
Base 



O /O 
R80OC-Y — N N-A-COOR2a 



[2] 
[30] 



[14al 



Deprotection 



HOOC-Y — N N-A-COOR2a 



[14] 
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[Production process G] 



NC 




B3-y -N^ ^NH 
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Base [ 5 ] 



R4 

I 

R3CH=CCOOR2a 
Base [6] 
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25 



30 



35 



NC 




o o 

B3-Y— N N-A-C00R2a 



[93 



O 
HN 



NC 



Base 



N-A-COOR2a 



[3c] 



[2] 



40 



wherein R^^ represents an amidino group; represents an amino-protecting group; R^ represents a cartx>xyl-protect- 



ing group; and R\ R^^, R^^. r3. r-*, r5 r6^ x, X\ A, 
Next, production processes are explained below. 

45 [Production process A] 



The compound of the general formula [2] can be obtained by 
a compound of the general formula [5] or [6] in the presence of a 
process 2, to obtain a compound of the general formula [19]. and 
tion for renrK>ving the protecting group. 

The compound of the general formula [4] can be obtained by 
the compound of the general formula [3a] in the presence of a 
process 1 , to obtain a compound of the general tormula [20], and 
tion for removing the protecting group. 



50 



55 



B^, and Y are as defined above. 



reacting a compound of the general formula [18] with 
base In the same manner as explained in production 
then subjecting this compound to a well-known reac- 

reacting a compound of the general formula (1 8] with 
base in the same manner as explained in production 
then subjecting this compound to a well-known reac- 



[Production process B] 

A compound of the general formula [23] is obtained by reacting a compound of the general formula [21] with a com- 
pound of the general formula [24] in the presence of a base such as potassium carlxnate, potassium tert-butoxide or 
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pound of the general formula [9] to form a diastereomeric salt, and then reaystallizing the diastereomeric salt from a 
suitable solvent. It is also possible to convert the thus obtained salt to a free carixxylic add by removing its base by a 
per se well-known method. 

The compound of the general formula [18] can be synthesized according to. for exanple, any of the processes 
5 desaibed in Yakugaku Zasshi. Vol. 99. No. 9. pp. 929-935 (1979). JP-B-3-57913. etc. 

When any of the compounds of the general fornruilas [la], [lb], [Ic], [Id], [le], [2], [3a]. [3b]. [3c], [4], [5], [6], [7], 
[7a]. [8a], [8b]. [9], [10], [12], [14], [14a]. [15], [17], [19], [20] and [23] to [30] or their salts in the production processes 
described above has isomers (for exanple. optical isomers, geometrical isomers, tautomers and the like), these iso- 
mers may be used. In addition, the corrpounds or their salts may be used in the form of a solvate or hydrate or in any 
10 of various crystal forms. 

When any of the compounds of the general formula [1 a], [1 b], [1 c]. [Id], [1 e], [2]. [3a]. [3b], [3c], [4]. [5], [6], [7], [7a]. 
1% [10]. [12]. [14], [14a]. [17] and [19] to [30] or their salts has an amino, carboxyl or hydraxyl group, it is possible to 
protect the group with a conventional protecting group prevfously and remove the protecting group by a per se well- 
known method after completion of the reaction. 
IS The thus obtained compound of the general formula [1] or salt thereof can be isolated and purified according to one 
or more conventional operations such as extraction, crystallization and/or column chromatography and the like. 

When the compound of the present invention is used as a pharmaceutical, it may be property mixed with a prepa* 
ration adjuvant such as an excipient. a carrier or a diluent which is usually used for formulation into a pharmaceutical 
form. The compound can be administered orally or parenterally in the form of tablets, capsules, a powder, a syrup, gran- 
ge ules. pills, a suspension, an emulsion, a solution, a powdery formulation, a suppository, an ointment, an injection or the 
like. The administration route, dose arKi number of administrations may be properly chosen depending on the age. body 
weight and symptom of a patient. Usually, the compound may be administered to an adult in a dose of 0.1 to 1 ,000 mg 
per day in one portion or several portions orally or parenterally (for example, by injection, drip infusion or intrarectal 
administration). 

25 Next, the pharmacological activity of typical compounds of the present invention is explained below. 

(1) Inhibitory effect on human platelet aggregation 

A mixture of blood collected from a human elbow vein and a 3.8% sodium citrate solution in the ratio of 9 : 1 (vA/) 
30 was centrifuged at room temperature to obtain ptatelet-rich plasn^ and platelet-poor plasma. Then, the platelet-rich 
plasma was diluted with the platelet-poor plasma to adjust the number of platelets to 5 x 10^ platelets/ml. To 150 ^1 of 
the diluted platelet-rich plasma was added 18.75 \i\ of a solution of each test compound in physiological saline, and the 
resulting mixture was incubated with stirring at 37°C. After 3 minutes, 18.75 |il of adenosine 5'-diphosphate (ADP) (final 
concentration: 3 fiM) was added to the mixture and a change in the intensity of transmitted light caused by the aggre- 
35 gation was recorded with the lapse of time with an aggreometer. 

The degree of agglutination in the case of adding only physiofogicai saline was taken as 100% aggregation, and 
50% inhibitory concentration (IC50) was defined as a concentration of the test compound at which 50% aggregation 
took place. TatAe 1 shows the results otstained. 

40 
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BEST MODE FOR CARRYING OUT THE INVENTION 

The present invention is illustrated with reference to the following reference examples and examples, which should 
not be construed as limiting the scope of the invention. 
5 In the reference examples and the exanples. the mixing ratios in the eiuents are all by volume, and Silica gel 60. 

No. 7734 (mfd. by MERCK & CO., INC.) was used as a carrier in the column chromatography and LC-SORB SP-B-ODS 
(mfd. by Chemco Scientific Ca. lid.) was used as a canrier in the reversed phase column chromatography. The symbols 
used in the reference examples and the examples have the following meanings: 

10 di -TFA: a trif luoroacetic acid-d^. 

de-DMSO: a dimethyisuffoxide-de. 

t-Bu: tert-butyl. 

DPM: diphenylmethyl, 

BOC: tert-butoxycarbonyl. 

75 Cbz: benzyloxycarbonyl. 

Reference Exarrple 1 

1 -Bromo-3-(4-cyanophenoxy)propane 

20 

In 50 ml of dimethyl sulfoxide was dissolved 10 g of 4-cyanophenol, followed by adding thereto 23 g of potassium 
cart>onate at room temperature. The resulting mixture was stirred at the same temperature for 5 minutes and then 64 
m! of 1.3-dibromopropane was added thereto, followed by stirring at room temperature for 12 hours. Subsequently, the 
reaction mixture was added to a mixed solvent of 200 ml of ethyl acetate and 100 mi of water, after which the organic 
25 layer was separated and the aqueous layer was extracted with 50 ml of ethyl acetate. The combined organic layer was 
washed successively with a IN aqueous sodium hydroxide solution, water and a saturated aqueous sodium chloride 
solution and dried over anhydrous magnesium sulfate. The solvent was distilled off under reduced pressure and tiie 
resulting residue was purified by a silica gel column chromatography (eluent; hexane : ethyl acetate = 5 : 1) to obtain 
5.1 g of 1-bromo-3-(4-cyanophenoxy)propane as a colorless oil. 

30 

IR (neat) cm-^ivcN 2225. 

NMR (GDag) 8 values: 2.1-2.6 (2H. m). 3.58 (2H, t. J=6Hz). 4.16 (2H. t, J=r6Hz), 6.94 (2H. d. J=9Hz), 7.57 (2H. d, 
J=9Hz). 

35 The following compounds were obtained in the same manner as above. 
1 -Bromo-2>(4-cyanophenoxy)ethane 
IR (KBr)cm-^:vcN 2225. 

40 NMR (CDGb) 6 values: 3.64 (2H, t. J=6Hz), 4.34 (2H. t J=6Hz), 6.95 (2H. d, J=9Hz). 7.60 (2H, d. J=9Hz). 

1 -Bror7X>-4-(4-cyanophenoxy)butane 
IR (neat) cm"^ : vcn 2225. 

45 NMR (GDGI3) S values: 1 .9*2.2 (4H, m). 3.3-3.6 (2H. m). 4.04 (2H, t J»5.5Hz), 6.92 (2H, d. J^SHz), 7.58 (2H. 

d. J»9Hz). 

1 -Bromo-5-(4-cyanophenoxy)pentane 

so IR (KBr) cm'^ : vcn 2225. 

NMR (CDCI3) 6 values: 1 .4-2.5 (6H. m), 3.44 (2H, t. J=6Hz). 4.02 (2H, t. J=6Hz). 6.93 (2H. d. J=9Hz). 7.57 (2H. 
d. J=9Hz). 



£5 



Reference Example 2 

1 -Bromo-3-(4-amidinophenoxy)propane hydrochloride 

In 200 ml of at^solute ethanol was dissolved 20.0 g of 1 -bromo-3-(4-cyanophenoxy)propane. and hydrogen chloride 
gas was introduced tiiereinto at 0 - S^C until the solution was saturated therewith. After overnight standing at room tem- 
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• 1 -Bromo-5-(4-benzyloxycartx)nylamidinophenoxy)pefitane 
IR(KBr) cm-^:vc„o1665. 

NMR (CDCb) S values: 1.3-2.4 (6H, m). 3.44 (2H. t. J=6Hz). 3.95 (2K t J=6H2). 5.18 (2H. s). 6.83 (2H. d. 
s J=:9H2), 7.1-8.5 {9Km). 

Reference Example 4 

4-[3-(4-Benzyloxycarbonylamidinophenoxy)propyO-l-{2.4-dimethoxyben2 

10 

In 1 0 ml of N.N-dimethylformamide was dissolved 1 .00 g of 1 -(2.4<limethoxybenzyl)-2.3-dioxopiperazine, and 0. 1 7 
g of sodium hydride (60%. oil) was added to the solution, followed by stirring at 50^C for 30 minutes. Then, the reaction 
mixture was cooled to room temperature, after which 1.48 g of 1-bromo-3-(4-ben2ylQxycartx)nylamidinophenoxy)pro- 
pane was added thereto and the resulting mixture was stirred overnight at the same terrperature. The solvent was dis- 
75 tilled off under reduced pressure and the resulting residue was purified by a silica gel column chromatography (eluent; 
chloroform : methanol = 20 : 1 ) to obtain 1 .76 g of 4-[3-(4-benzytQxycartx>nylamiclinophenoxy)propyl]-1 -(2,4-dimethoxy- 
benzyl)-2.3-dioxopiperazine as colorless crystals. 

IR (KBr)cm-^: vcoo 1665. 

20 NMR (CDCI3) 5 values: 1 .7-2.5 (2H, m). 3.2-4.2 (14H, m), 4.60 (2H, s). 5.18 (2H. s). 6.3-6.6 (2H. m). 6.7-8.9 (12H, 
m). 

4.-[4-(4-Benzyioo(ycartMDnylamidiriophenoxy)butyn-1-{2.4<JimethQxyb€nzyl)-2.3K^ was obtained in 

the same manner as above except for using 1 -bromo-4-(4-benzyloxycartx>nylamidinophenQxy)t>utane. 

25 

IR (KBr) cm-^: vc„o 1670. 

NMR (CDCI3) 6 values: 1.5-2.1 (4H. m). 3.2-4.4 (14K m). 4.59 {2H. s). 5.17 (2H. s). 6.2-6.6 (2H. m), 6.82 (2H. d. 
J=9Hz). 7.1-8.6 (10H.m). 

30 Reference Example 5 

1-[3-(4-tert-ButoxycarbonylamidinophenQxy)propyl]-2.3-dioxopipera2ine 

In 16.5 ml of anisole was dissolved 8.25 g of 4-[3-(4-benzylQxycartx)nylamidinophenoxy)propyl]-1-(2.4-dimethoxy- 
35 benzyl)-2,3<lioxopiperazine. and 33 ml of trifluoroacetic add was added to the solution, followed by refluxing for 5 
hours. After cooling, the solvent was distilled off under reduced pressure. To the resulting residue was added 40 ml of 
ethyl acetate, and stin-ed for 30 minutes, after which the precipitate was collected by filtration and dried to obtain 8.23 
g of 4-[3-(4-amidinophenaxy)propyl]-2.3-dioxcpiperazine trifluoroacetate. Then, the compound obtained was dissolved 
in a mixed solvent of 182 ml of dioxane and 82 ml of water, followed by adding thereto 8.37 g of sodium carbonate and 
40 3.62 g of di-tert-butyl dicaitx^nate. and the resulting mixture was stirred at room temperature for 5 hours. The solvent 
was distilled off under reduced pressure and 80 ml of ethyl acetate and 80 ml of water were added to the resulting res- 
idue and stirred for 30 minutes. The crystals precipitated were collected by filtration and dried to obtain 4.27 g of 1-[3- 
(4-tert-butQxycartx>nylamidinophenQxy)propyq-2,3-dioxopiperazffie as cotorless crystals. 

45 IR (KBr) cm-^: vc.o 1715. 1680. 1625. 

NMR (de-DMSO) 6 values: 1.47 (9H, s), 1.7-2.4 {2H. m), 3.2-4.3 (8H. m). 6.91 (2H. d. J=:9H2). 7,8-9.5 (5H. m). 

Reference Example 6 
so 1 -[4-(4-BenzylQxycarbonytamidinophenQxy)butyi]-2.3<iiQxopiperazine 

(1) In 3.4 ml of anisole was dissolved 1.7 g of 4-[4-(4-benzyloxycart)onytamidinophenoxy)butyl]-1-(2,4-dimethoxy- 
benzyl)-2,3-dioxopiperazine. and 6.8 ml of trifluoroacetic acid was added to the solution, followed by refluxing for 5 
hours. After cooling, the solvent was distilled off under reduced pressure To the resulting residue was added 1 0 ml 

55 of ethyl acetate, and stirred for 30 minutes, after which the precipitate was collected by filtration and dried to obtain 
1 .2 g of 4-[4-(4-amidinophenoxy)butyl]-2,3-dioxopiperazine trifluoroacetate. 

(2) The compound okstained was dissolved in a mixed solvent of 20 ml of tetrahydrofuran and 10 ml of water, and 
0.67 g of sodium cart)onate was added thereto, followed by stirring at room temperature for 30 minutes. To the 
resulting solution was added 0.27 ml of benzyloxycartx>nyl chloride and the resulting mixture was stirred at the 
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IR (neat) cm''': vc«o 1730. 1675. 

NMR (CDCI3) 6 values: 3.1-3.4 (6H. m), 3.7-3.9 (9H. m). 4.54 {2H. s), 5.01 (2H, s), 5.89 (2H. s). 6.4-6.8 (5H, m). 
7.1-7.5 (6H. m). 

5 Reference Example 9 

Methyl (2.3-diQxopiperazin-1-yl)acetate 

A mixture of 10.5 g of methyl [4-(2,4<llmethoxybenzyl)-2,3-dioxopiperazin-1-yl]acetate. 42 ml of trifluoroacetic add 
10 and 21 mi of anisole was refluxed for 4 hours. The reaction mixture was cooled to room temperature and then distilled 
under reduced pressure to remove the solvent. The resulting residue was purified by a silica gel column chromatogra- 
phy (eluent; chloroform : methanol = 6 : 1) to otnain 4.5 g of methyl (2,3-dioxopiperazin-i-yl)acetate as colorless crys- 
tals. 

IS IR (KBr) cm '' : 1 745. 1 680. 

NMR (dfi-DMSO) 6 values: 3.2-3.6 (4H. m). 3.67 (3H. s). 4.21 {2H. s), 8.51 (1H. brs). 

The following compounds were obtained in the same manner as above. 

20 • Methyl (1 .2.3.4-tetrahydro-2.3-dioxopyrazin-1 -yl)acetate 

IR (KBr) cm-^: vcoo 1750. 1685. 1650. 

NMR (dg-DMSO) 5 values: 3.74 {3H. s), 4.56 (2H. s), 6.2-6.8 (3H. m). 
25 • Ethyl 4-(2.3-dioxopiperazirv 1 -yl]butyrate 
IR (neat) cm"^: vc.o 1735. 1655. 

NMR (CDCI3) 8 values: 1.24 (3H. t. J=8Hz), 1.6-2.7 (4H. m), 3.3-3.9 (6H. m). 4.12 (2H. q. J=8H2). 8.66 (IH. 

brs). 

30 

Methyl 3-(2.3-dioxopiperazin-1-yl)propionate 
IR (neat) cm "" : vc„o 1 735, 1665. 

NMR (dg-DMSO) 6 values: 2.4-2.8 (2H. m). 3.1-3.8 (9H, m), 8.55 (IH, brs). 

35 

• Benzyl 2-[(1 ,3-benzodioxol-5-yl)methyl]-3-(2.3-dioxopiperazin-1 -yl)propionate 

IR (KBr) cm-^: vc«o 1730. 1670. 

NMR (CDCI3) 6 values: 2.6-4.4 (gH. m), 5.03 (2H, s), 5.87 (2H. s). 6.4-6.8 (3H. m). 7.0-7.6 (5H. m). 8.47 (1 H, 
40 brs). 

Reference Example 10 

1-[3-(4-Cyanophenoxy)propyl]-4-(2.4-dimethoxyben2yl)-2,3<lioxopiperazine 

45 

This compound was obtained in the same manner as in Reference Example 4. 

IR (KBr) cm-"": vqn 2230, vcoo 1680. 

NMR (CDCI3) 6 values: 1 .9-^4 (2H. m), 3.4-3.7 (6H, m), 3.08 (6H. s). 4.05 (2H, t, J=6H2), 4.62 (2H. s), 6.3-6.6 (2H. 
so m). 6.93 (2H. d. J=8.5H2), 7.26 (1 H, d. J=9H2). 7.55 (2H. d. J=8.5H2). 

Reference Example 1 1 

1-I3-(4-Cyanophenoxy)propyl]-2.3-diaxopiperazine 

55 

This compound was obtained in the same manner as in Reference Example 6 (1). 

IR (KBr) cm'"': vqn 2220, vc„o 1670. 

NMR (dg-DMSO) 5 values: 1.6-2.3 (2H, m). 3.1-3.8 (6H. m). 3.9-4.5 (2H. m), 7.09 (2H, d, J=9H2). 7.76 (2H. d. 
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NMR (dg-DMSO) 6 values: 3.1-3.8 (8H. m). 8.63 (1H. brs). 

1-(3-Aziclopropyl)-2.3-dioxopiperazine was obtained as an oil in the same manner as above. 

5 IR (neat) cm"'' : vc„o '*670. 

NMR (CDCI3) 6 values: 1.7-2.1 (2H. m). 3.2-3.9 (8H, m), 8.82 (1H. brs). 

Reference Example 15 

10 Diphenylmethyl 3-[4-(2-azidoethyO-2.3-dioxopiperaztn-1 -yl]-3-(pyridin-3-yl)proplonate 

A mixture of 0.5 g of 1-(2-azidoethyl)-2.3-dioxopiperazine. 1 .72 g of diphenylmethyl 3-(3-pyridyl)acrylate. 0.2 mt of 
1 .8-diazabicyclo[5.4.0]undec-7-ene and 2.5 ml of N,N-dimethylformamide was stirred at room temperature for 12 hours. 
The solvent was distilled off under reduced pressure, after which 30 nrd of ethyl acetate and 20 ml of water were added 

IS to the resulting residue and the pH was adjusted to 6 with 2N hydrochloric add. The organic layer was separated and 
the aqueous layer was extracted with 30 ml of ethyl acetate. The combined organic layer was washed with 20 ml of 
water and a saturated aqueous sodium chloride solution and dried over anhydrous magnesium sulfate. The solvent was 
distilled off under reduced pressure and the resulting residue was purified by a silica gel column chromatography (eiu- 
ent: chloroform : methanol = 20 : 1) to obtain 0.71 g of diphenylmethyl 3-(4-(2-azidoetiTyl)-2,3-dioxopiperazin-1-yl]-3- 

20 (pyridin-3-yl)propionate as a light-brown oil. 

IR (KBr) cm"^: vc„o 1735. 1675. 

NMR (COaa) 6 values: 3.1-3.8 (10H. m). 5.8-6.2 (1H. m). 6.84 (1H, m). 7.1-7,9 (12H. m), 8.4-8.8 (2H. m). 

25 The following compounds were obtained in the same manner as above. 

Diphenylmethyl 3-[4-(3-a2idopropyl)-2.3-dioxopiperazin-1 -ylJ-3-(pyridin-3-yl)propionate 

IR (KBr) cm'^: 1735, 1675. 
30 NMR (CDCI3) 5 values: 1.5-2.0 (2H, m). 2.9-3.9 (10H, m), 5.7-6.1 (1H. m), 6.85 (1H, s). 7.0-8.1 (12H. m). 8.4- 

8.7 (2H. m). 

Benzyl 3-[4-(2-azidoethyl)-2.3-dioxopiperazin-1 -yqpropionate 

35 IR (KBr) cm : vq^ 1730. 1665. 

NMR (CDCI3) S values: 2.74 (2H. t, J=6H2). 3.3-3.9 (10H, m), 5.12 (2K s). 7.34 (5H. s). 

Benzyl 3-[4-(3-azidopropyl)-2,3-dioxopiperazin-1 -yQproptonate 

40 IR (neat) cm'^ : vc„o 1 735, 1670. 

NMR (CDCI3) 6 values: 1.7-2.1 (2H. m). 2.74 (2H, t. J=6Hz), 3.2-3.9 (10H. m). 5.12 (2H, s), 7.35 {5H. s). 

Benzyl 3-[4-(2-azidoethyl)-2.3-dioxopiperazin-1 -yl]-2-{(1 ,3-benzodiQxol-5-yl)methyl]propionate 

45 IR (KBr) cm-^ : vcoO 1730. 1675. 

NMR (CDCI3) S values: 2.7-3.0 (2H. m). 3.2-3.9 (1 1 H. m). 5.05 (2H. s), 5.90 (2H, s). 6.5-6.8 (3H. m). 7.29 (5H. 

s). 

Benzyl 3-[4-(3-azidopropyl)-2,3-dioxopiperazin-1 -yl]-2-[( 1 .3-benzodioxoi-5-yl)methyI]propionate 

so 

IR (neat) cm-**: vc«o 1730, 1680. 

NMR (CDCI3) 5 values: 1 .5-2.3 (2H. m). 2.6-4.1 (13H, m). 5.02 (2H. s). 5.87 (2H. s). 6.5-6.9 (3H, m). 7.1-7.6 
(5H, m). 

£5 Reference Example 16 

Diphenylmethyl 3-[4-(2-aminoethyl)-2.3-dioxopiperazin-1-yl]-3-(pyridin-3-yl)propionate 

A mixture of 0.7 g of diphenylmethyl 3-[4-(2-azidoethyl)-2.3-dioxopiperazin-1-yl]-3-(pyridin-3-yl)propionate, 0.13 g 
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Reference Example 18 

tert-Butyl [4-(2-a2idoethyl)-2.3-dioxopiperazin-1 -yQacetate 

5 In the same manner as in Reference Example 10, 0.7 g of tert-butyl [4-(2-azidoethyl)-2,3-diQxopiperazin-1-yl]ace- 

tate was obtained as colorless crystals from 1.0 g of 1 -(2-azidoethyl)-2.3-dioxoplperazine and 1.1 g of tert-butyl bro- 
moacetate. 

IR (KBr) cm-^ 1745. 1670. 
10 NMR (CDCI3) 5 values: 1 .47 (9H. s). 3.5-3.9 (8H. m). 4.15 (2H. s). 

Benzyl [4-(2.4-dimethQxybenzyi)-2,3-dioxopiperazin-1-yqacetate was obtained as a light-yellow oil in the same 
manner as in Reference Example 10. 

15 IR (neat) cm""* : vq^q 745, 1680. 

NMR (CDCI3) 6 values: 3.3-3,6 (4H, m). 3.79 (6H. s). 4.26 (2H. s), 4.62 (2H. s). 5.14 (2H. s). 6.3-6.6 (2H. m). 7.1- 
7.4 (6H, m). 

Reference Example 19 

20 

tert-Butyl [4-(2-aminoethyi)-2,3-dioxopfperazin-1-yl]ac6tate hydrochloride 

tert-Butyl [4-(2-aminoethyl)-2,3-dioxopiperazin-1 -yi]acetate hydrochloride was obtained as an oil from tert-butyl [4- 
(2-azidoethyl)-2.3-diQxopiperazin-1-yl]acetate in the same manner as in Reference Example 16. 

25 

IR (KBr) cm*^: 1745. 1670. 

NMR (de-DMSO) 6 values: 1.43 (9H. s). 3.6-3.9 (8H. m). 4.10 (2K s). 8.0-8.7 (3H. brs). 
Reference Example 20 

30 

Diphenylmethyl (2,3-diQxopiperazin-1 -yl)acetate 

A mixture of 10.0 g of benzyl [4-(2.4-dlmethoxybenzyl)-2,3-dioxopiperazin-1-yl]acetate, 40 ml of trifluoroacetic add 
and 20 ml of anisole was refluxed for 2 hours. After completion of the reaction, the solvent was distilled off under 

35 reduced pressure and 20 ml of ethyl acetate and 10 ml of diethyl ether were added to the resulting residue, and the solid 
was collected by filtration. The solid obtained was dissolved in a mixed solvent of 9 ml of ethyl acetate and 1 ml of meth- 
anol, followed by adding thereto 25 ml of a 1 M solution of diphenyldiazomethane in ethyl acetate, and the resulting mix- 
ture was stirred at room temperature for 1 hour. The solvent was distilled off under reduced pressure arxj the resulting 
residue was purified by a silica gel column chromatography (eluent; chloroform : methanol = 10 : 1) to obtain 6.8 g of 

40 diphenylmethyl (2.3-dioxopiperazin-l -yQacetate as a white foamy substance. 

IR (KBr) cm-^: vq^ 1745. 1670. 

NMR (de-DMSO) 6 values: 3.2-3.8 (4H. m). 4.39 (2H. s), 6.85 (1 H, s). 7.2-7.8 (10H, m). 8.67 (1 H, brs). 

45 Reference Example 21 

Diphenylmethyl [4-[3-(tert-butoxycart>onylamino)propyI]-2,3-dioxopiperazin-1-yl]acetate 

In the same manner as in Reference Example 10. 0.68 g of diphenylmethyl [4-(3-(tert-butoxycarbonylamino)pro- 
50 pyl]-2,3-dioxopiperazin-1 -yl]acetate was obtained as a colorless oil from 1.0 g of dtphenylmethyt (2,3-dioxopiperazin-1 - 
yl)acetate and 0.77 g of 1-bromo-3-tert-butoxycarbonylpropane. 

IR (neat) cm"'' : vc„o 1 745. 1 680. 

NMR {CDCI3) 6 values: 1.42 (9H. s). 1.5-2.1 (2H. m). 3.0-3.7 (8H. m). 4.35 (2H. s). 6.90 (1H, s), 7.3-7.5 (10H. m). 
55 8.00 (1H. brs). 
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distilled off under reduced pressure and the resulting residue was purified by a silica gel colun¥i chromatography (elu- 
ent; chloroform : methanol - 20 : 1) to obtain 0.61 g of diphenylmethyl 4-(2.3-dioxopiperazin-1-yObutyrate as a light-yel- 
low oil. 

5 IR (neat) cm"'' : vc„o 1720. 1685. 

NMR (de-DMSO) 6 values: 1.5-2.2 (2H. m). 2.3-2.7 (2H. m). 3.1-4.0 (6H, m). 6.80 (1H. s). 7.1-7.9 (10H. m). 8.51 
(IH.brs). 

Reference Example 27 

70 

Diphenylmethyl 4-(4-tert-tHJtoxycarbonylmethyI-2,3<lioxopiperazin-1 -yl)butyrate 

With 1.30 g of cSphenytmethyl 4-(2.3-dloxopiperazin-l-yObutyrate was reacted 0.63 ml of tert-butyl bromoacetate 
by the same method as in Reference Example 12 to obtain 1.48 g of diphenylmethyl 4-(4-tert-kxJtoxycart)onylmethyl- 
75 2.3-dioxopipeFazin-1 -yObutyrate as a yellow oil. 

IR (neat) cm*^: vq^ 1730. 1680. 

NMR (CDCI3) 6 values: 1.45 (9H. s). 1.8-2.7 (4H. m). 3.3-3.7 (6H. m), 4.08 (2H, s). 6.85 (1H, s). 7.0-7.4 (10H. m). 

20 Reference Exanrrple 28 

4-(4-tert-Butoxycartx)nylmethyl-2,3-dioxopiperazin-1 -yQbutyric acid 

By the same process as in Reference Example 16, 0.62 g of 4-(4-tert-butoxycarkx)nylmethyl-2.3-dioxopipera2in-1- 
25 yQbutyric acid was obtained as coloriess crystals from 1.30 g of diphenylmetf^l 4-(4-tert-bulDxycarbonyimethyl-2.3- 
dioxopiperazin-1 -yi)butyrate. 

IR (KBr) cm vc-o 1735. 1715. 1665. 

30 Example 1 

Methyl [4-[3-(44Den2yloxycarbonylamidi nophenoxy) propyl] -2. 3-dioxopperazin-1-yl]acetate 

A mixture of 1 .2 g of metfiyl (2.3-dioxopiperazin-1-yl)acetate. 0.26 g of sodium hydride (60%. oil) and 12 ml of N.N- 
35 dimethytformamide was stirred at room temperature for 30 minutes. Then, 2.52 g of 1 -bromo-3-(4-benzyloxycarbonyla- 
midinophenoxy)propane was added thereto and the resulting mixture was stirred at 60*'C for 2 hours. The reaction mix- 
ture was cooled and then added to a mixed solvent of 40 ml of ethyl acetate and 40 ml of water. After the pH was 
adjusted to 1 with 2N hydrochloric acid, the aqueous layer was separated. To the aqueous layer was added 40 ml of 
ethyl acetate and the pH was adjusted to 10 with potassium carbonate. The organic layer was separated and the aque- 
40 ous layer was extracted with three 20-ml portions of ethyl acetate. The combined organic layer was washed with water 
and then a saturated aqueous sodium chloride solution and dried over anhydrous magnesium sulfate. The solvent was 
distilled off under reduced pressure and the resulting residue was purified by a silica gel column chromatography (elu- 
ent. chloroform : methanol = 30 : 1) to obtain 1.17 g of methyl [4-[3-(4-benzyloxycarbonylamidinophenoxy)propyl]-2,3- 
dfOxopiperazin-1-yl]acetate as a colorless oil. 

45 

IR (KBr) cm""": vc«o 1745. 1675. 

NMR (CDCI3) 6 values: 1.7-2.3 (2H. m). 3.2-4.3 (13K m). 5.18 (2H, s). 6.82 (2H. d. J==9Hz). 7.1-7.5 (5H, m). 7.6- 
9.3 (4H, m). 

50 Examples 2 to 8 

The corrpounds listed in Tatsle 2 were obtained in the same'manner as in Example 1 . 
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NMR (CDCI3) 5 values: 2.68 (2H, t J=6Hz). 3.4-4.4 (13H. m). 5.25 {2H. s), 6.87 (2H. d. J=9H2), 7.2-7.6 (5H. 
m). 7.6-8.9 (4H, m). 

• No. 6 

5 

IR (KBr) cm*^: vc«o 1740, 1670. 

NMR (CDCI3) 5 values: 1.9-2.3 (2K m). 2.65 (2H. t J=7Hz), 3.5-4.2 (13H, m). 5.19 {2H. s), 6.82 (2H. d. 
J=9H2). 7.2-9.3 (9H. m). 

10 m No. 7 

IR (KBr) cm"" : vc«o 1735. 1665. 

NMR (de-DMSO) 6 values: 1.16 (3H, t. 7Hz), 1.5-2.1 (2H. m), 2.1-2.6 {2H m), 3.2-4.4 (12H, m), 5.12 (2H. s). 
7.04 (2H. d. J=9Hz). 7.40 (5H. s). 8.03 (2H, d, J=9Hz). 9.11 (2H, brs). 

15 

• No. 8 

IR (neat) cm-^: vc=o 1730. 1675. 

NMR (CDCI3) S values: 1.8-2.4 (2H. m), 2.6-4.4 (13H, m), 4.9-5.5 (4H, m). 5.87 (2H. s). 6.4-7.0 (5H. m), 7.1- 
20 8.8 (14H. m). 

Example 9 

The following compound was obtained in the same manner as in Exanrple 1. 

25 

• Methyl [4-[3-(4-ben2yla)cycarbonylamidinophencwy)proRyl]-1 .2.3.4-tetrahydro-2,3-dioxopyra2in-1 -yQacetate 

IR (KBr) cm '': vc^ 1755. 1690. 1650. 

NMR (dg-DMSO) 6 values: 1.9-2.6 (2H. m). 3.6-4.3 (7H. m). 4.56 (2H, s). 5.1 1 (2H. s), 6.60 (2H. s). 6.99 (2H, 
30 d. J=9Hz). 7.37 (5H. s), 7.99 (2H. d. J=9H2), 9.60 (2H, brs). 

Example 10 

[4-[3-(4-Amidinophenoxy)propyl]-2.3-dioxopiperazin-1-yl]acetic acid hydrochloride 

35 

A mixture of 1.05 g of methyl [4-[3-(4-benzyloxycart)onylamidinophenoxy)propyl]-2,3-<fioxopiperazin-1-yl]acetate. 
0.35 g of 5% palladium-carbon. 0.39 ml of 6N hydrochloric acid and 15 ml of methanol was subjected to hydrogenation 
at ordinary temperature and atmospheric pressure for 3 hours. Then, the pallasium-cart>on was filtered off and the sol- 
vent was distilled off under reduced pressure to obtain 0.8 g of methyl [4-[3-(4-amidinophenQxy)propyl]-2.3-dioxopiper- 
40 azin-1 -yQacetate hydrochloride. The compound obtained was dissolved in 14 ml of 6N hydrochloric acid and the 
resulting solution was ref luxed for 1 hour, after which the solvent was distilled off under reduced pressure to obtain 0.6 
g of [4-[3-(4-amidinophenoxy)propyl]-2,3-dioxopiperazin-1-yt]acetic acid hydrochloride as colorless crystals. 

IR (KBr) cm'^: 1740. 1670. 
45 NMR (D2O) 6 values: 2.0-2.6 (2H. m), 3.2-3.8 (6H. m), 4.05 (2H. s), 4.32 (2H. t, J=6Hz). 7.20 (2H, d, J=:9hlz), 7.83 

(2H. d, J=9Hz). 

Examples 11 to 16 

so The compounds listed in Table 3 were obtained in the same manner as in Example 10. 
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NMR (dg-DMSO) 6 values: 1.8-4,5 (UH. m). 7.37 {2H. d. J=9H2). 7.89 (2H. d, J=9H2). 8.7-10.8 (5H. m). 

• No. 16 

5 IR (KBr) cm '' : 1685. 1 665. 

NMR (D2O) 6 values: 1.6-2.8 (4H. m). 3.2-5.0 (10H. m). 7.22 (2H. d. J=9Hz). 7.72 (2H. d. J=9H2). 

Example 17 

10 The following compound was obtained in the same manner as in Example 10. 

[4-[3-(4-Amldinophenoxy)propyl]-1 ,2,3,4-tetrahydro-2.3-dlQxopyrazfn-1 -yQacetlc acid hydrochloride 

IR (KBr) cm'^: vc=o 1720. 1685. 
15 NMR (dg-DMSO) 5 values: 1.7-2.4 (2H. m). 3.1^.6 (6H, m). 6.60 (2H. s). 7.08 (2H, d. J=:9H2), 7.87 (2H, d. 

J=9H2). 8.6-9.5 (5H. m). 

Example 18 

20 Diphenylmethyl a-[4-[4-(4-benzyloxycarbonylamidinophenoxy)butyl]-2.3'<:lioxopiperaztn- 1 -yQ-ai3henylacetate 

In 5 ml off N.N-dtmethyHormamide was dissolved 0.2 g of 1-[4-(4-benzyloxycartx)nytamidinophenoxy)butyl]-2.3- 
dioxopiperazine, followed by adding thereto 20 mg of socfium hydride (60%. oil), and the resulting mixture was stirred 
at 50''C for 30 minutes. The reaction mixture was cooled to room temperature and 0.17 g of diphenylmethyl a- 

25 bromophenylacetate was added thereto. After stirring at the same temperature for 2 hours, the reaction mixture was 
added to a mixed solvent of 20 ml of ethyl acetate and 20 ml of water. The organic layer was separated, washed with 
water and then a saturated aqueous sodium chloride solution, and then dried over anhydrous magnesium sulfate. The 
solvent was distilled off under reduced pressure and the resulting residue was purified by a silica gel column chroma- 
tography (eluent; chloroform : methanol 20 : 1) to obtain 0.29 g of diphenylmethyl a-[4-[4-(4-benzytoxycarbonylamid- 

30 inophencxy)butyl]-2,3'diQxopiperazin-1 -yq-a-pherrylacetate as a colorless oil. 

IR (KBr) cm'^: 1745. 1675. 

NMR (CDCI3) 8 values: 1.4-1.9 (4H. m). 2.9-4.1 (8H. m). 5.18 (2H s). 6.60 (1H. s). 6.7-8.5 (27H, m). 
35 Example 19 

a-[4-[4-(4-Amidinophenoxy)butyi]-2,3-dioxopiperazin-1-yl]-a-phenylacetic add 

A mixture of 0.25 g of diphenylmethyl a-[4-[4-(4-benzyloxycarbonytamidinophenoxy)butyl]-2.3-dioxopiperazin-1-yl]- 
40 ai3henylacetate, 0.13 g of 5% palladiunvcarbon. 0.34 ml of 1N hydrochloric acid and 5 ml of N.N-dlmethyltormamide 
was subjected to hydrogenation at ordinary temperature and atmospheric pressure for 3 hours. Then, the pallasium- 
cartx)n was filtered off and the filtrate was concentrated under reduced pressure. To the resulting residue were added 
2 ml of ethyl acetate. 5 ml of water and 30 mg of sodium hydrogencart^onate to dissolve the residue. The aqueous layer 
was separated and then purified by a reversed phase column chromatography (eluent: a 50% aqueous acetonitrile solu- 
45 Won) to obtain 0.10 g of a-[4-[4-(4-amidinophenoxy)butyl]-2,3-dioxopipeFazin-1-yl]-a-phenylacetic acid as colorless 
crystals. ^ 

IR(KBr) cm-^: vc=o 1665. 

NMR (di-TFA) 6 values: 1.8-2.2 (4H, m). 3.2-4.4 (8H, m), 6.49 (1H, s), 7.14 (2H. d. J=9H2). 7.3-7.7 (5H. m), 7.79 
so (2H. d. J=9H2). 

Example 20 

The following compound was obtained in the same manner as in Example 19. 

55 

• 2-[(1 .3-Benzodioxol-5-yl)methyq-3-[4-[3-(4-anriidinophenQxy)propyQ-2.3<Sioxopiperazin-1 -yQpropionic acid 

IR(KBr) cm-'':vc.o 1655. 

NMR (di-TFA) 6 values: 1.9-2.5 {2H. m). 2.7-4.4 (13H. m), 5.97 (2H, s), 6.5-7.4 (5H, m). 7.79 (2H. d. J=9H2). 
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(Table 4] 
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Example r y A R2a 
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CH3 

22 BOC -f-CH2-}3 DPM 



23 Boc -hCHj-hg "^C-^ DPM 

24 BOC -t-CH2^3 DPM 

25 BOC -t- CH2 -ia COOCH^^_^ DPM 

To 




/CH2-/O) 

26 Boc -hCH2-^3 cON< ^ ' 



27 BOC -f- CH2 iVVl DPM 



<j)CH3 



F 

28 Boc CH2 DPM 



29 BOC -t- CB2 ^3 JL n DPM 



30 Boc -f- CHj ^3 4^ .0 DPM 
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[Table 6] 
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HN 
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Q \— O-y -N N-A-COOR2a 




10 



IS 



20 
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30 



35 



40 



45 



SO 



No 



Example 
No. 



40 Boc -^CH2-^^ 



41 Boc -f- CH2-^3 



42 Boc -E-CH2-h3 




R2a 



DPM 



DPM 



Et 



S5 
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IR (KBr) cm-^: 1735, 1675. 

NMR (CDCIa) 5 values: 1.26 (3H, d. J=6.5H2). 1.54 (9H. s). 1.9-2.2 (2H, m), 2.7-3.0 (2H. m). 3.1-3.7 (2H. m). 
3.97 (2H. t J=6H2), 4.5-5.1 (1H, m). 6.80 (1H. s). 6.85 (2H, d. J=8.5H2), 7.2-7.5 (10H, m). 7.7-8.2 (4H, m), 

5 • No. 23 

IR (KBr) cm "": vc«o 1735. 1670. 

NMR (CDCI3) 6 values: 1 .55 (9H. s). 1.8-2.2 (2H. m). 2.9-3.7 (8K m). 3.8-4.1 (2H. m). 6.0-6.4 (IH, m). 6.7-7.0 
(3H. m), 7.2-8.2 (19H. m). 

10 

m No. 24 

IR (KBr) cm '": vq^ 1735. 1685. 

NMR (CDCI3) 6 values: 1.55 (9H, s). 1.9-2.2 (2H. m). 2.8-3.7 (8H. m), 3.98 (2H. t J«6H2), 6.1-6.5 (IH, m), 6.7- 
T5 7.0 (3H. m), 7.2-7.4 (13H. m), 7.6-8.1 (4H. m). 

• No. 25 

IR (KBr) cm-i : vc„o 1735. 1685. 
20 ' NMR (CDCI3) 5 values: 1.55 (9H. s). 1.8-2.2 (2H. m). 3.0-4.4 (10H. m), 4.9-5.3 (IH. m). 6.6-7.0 (4H. m). 7.0- 

9.0 (24H. m). 

• No. 26 

25 IR (KBr) cm'^ : vc»o 1 740. 1 675. 1 660. 

NMR (CDCI3) 6 values: 1.53 (9H. s). 1.7-2.6 (4H. m). 2.7-4.2 (11H. m). 4.2-4.9 (2H, m), 5.7-6.2 (IH. m). 6.84 
(IH. s). 6.85 (2H. d. J=8Hz), 7.0-8.8 (19H. m). 

m No. 27 

30 

IR (KBr) cm-^ vc=^ 1735. 1675. 

NMR (CDCy 6 values: 1.55 (9H. s). 1.8-2.2 (2H. m). 2.8-3.7 (8H. m), 3.79 (3H. s), 3.96 (2H. t. J=6Hz). 6.10 
(IH. m). 6.7-6.9 (5H, m), 7.1-8.2 (14H. m). 

35 m No. 28 

IR (KBr) cm"*: vc„o 1740. 1675. 

NMR (dg-DMSO) 6 values: 1^46 (9H. s). 1.7-2.1 (2H. m). 3.2-3.8 (8H. m), 3.8-4.3 (2H. m), 5.8-6.2 (IH. m), 6.7- 
8.4 (19H. m). 9.0 (2H. bs). 

40 

• No. 29 

IR (KBr) cm-^ vc^ 1735. 1675. 

NMR (CDCI3) 5 values: 1.52 (9H, s). 1.7-2.3 (2H. m), 2.8-4.2 (10H. m), 5.8-6.2 (3H, m), 6.6-7.0 (6H, m). 7.1- 
45 8.3 (14H. m). 

• No. 30 

IR (neat) cnr^: vc«o 1735. 1685. 1675. 
so NMR (CDCI3) 5 values: 1.55 (9H. s), 1.8-2.2 (2H, m). 2.8-3.8 (10H. m). 3.8-4.2 (2H. m). 6.0-6.3 (IH. m). 6.7- 

■ 8.1 (17H. m). 13.5 (2H. bs). H. m). 

• No. 31 

55 IR (KBr) cm'i : vc.o 1 735. 1 675. 

NMR (CDCI3) 6 values: 1.55 (9H. s). 1.8-2.2 (2H. m), 3.1-4.2 (10H. m). 5.4-5.8 (IH. m). 6.6-9.0 (20H. m). 

• No. 32 
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IR (KBr) cm '': 1735. 1685. 

NMR (CDCI3) 6 values: 1.23 (3H. t J=7H2). 1.55 (9H. s), 1.8-2.3 (2H. m). 3.0-4.5 (12H. m). 5.8-6.2 (1K m), 
6.86 (2H. d. J=9H2), 7.2-8.3 (6H. m), 8.5-8.7 (2H. m). 

5 • No. 43 

IR (KBr) cm*^: vc«o 1735. 1675. 

NMR (CDCI3) 8 values: 1.54 (9H. s), 1.7-2.3 (2H. m). 2.9-4.2 (10H, m), 5.8-6.3 (1H. m). 6.7-7.6 (17H, m). 7.6- 
8.7 (4H. m). 

10 

• No. 44 

IR (KBr) cm '': vc=o 1735, 1675. 

NMR (CDCI3) 6 values: 1.54 (9H, s). 1.8-2.3 (2H. m). 2.8-4.2 (10H. m), 5.9-6.3 (1H. m), 6.6-7.4 (16H, m). 7.6- 
75 8.5 (4H. m). 

• No. 45 

IR (KBr) cm"': vc«o 1735. 1675. 
20 NMR (CDCI3) 5 values: 1.55 (9H. s). 1.8-2.3 (2K m). 2.43 (3rt. s). 2.8-4.2 (10H, m). 5.9-6.2 (1H. m). 6,6-8.2 

(19H. m), 8.3-8.6 (1H. m). 

• No. 46 

25 IR (KBr) cm-^ : vc«o 1 735. 1 675. 

NMR (CDCI3) 6 values: 1.54 (9H. s). 1.8-2.3 (2K m). 2.8-4.2 (13H. m). 5.8-6.2 (1H. m). 6.6-7.0 (3H. m). 7.0- 

8.7 (18H. m). 

• No. 47 

30 

IR (KBr) cm*i : 1735. 1675. 

• No. 48 

35 IR (KBr) cm-i : 1735. 1675. 

NMR (CDCI3) 6 values: 1.55 (9H. s). 1.8-2.4 (5H. m). 2.8-4.2 (10H, m). 6.0-6.2 (1H. m). 6.7-7.4 (17H, m). 7.6- 
8.2 (4H. m). 

• No. 49 

40 

IR (KBr) cm-^: vc»o 1735. 1675. 

NMR (CDCI3) 6 values: 1.53 (9H. s). 1.7-2.4 (5H, m). 2.7-4.1 (10H. m). 5.9-6,3 (1H. m). 6.6-7.6 (17H, m). 7,6- 

8.8 (4H, m). 

45 m No. 50 

IR (KBr) cm'^ : vc«o 1735. 1675. 

NMR (CDCy 8 values: 1.55 (9H. s), 1.8-2.4 (2H, m), 2.8-4.1 (13H, m). 5.6-5,9 (1H, m). 6.7-8.7 {20H. m). 
so • No. 51 

IR (KBr) cm vc«o 1735. 1685. 

NMR (CDCI3) 8 values: 1 .0-2.4 (14H. m). 2.9-4.4 (12H. m). 5.6-6.0 (1 H. m). 6.84 (2H. d. J=8.5Hz). 7.85 (2H. 
d. J=8.5Hz). 8.4-9.3 (5H. m). 

55 



45 



BNSDOCID: <EP ^08051 4QA1J_> 



EP 0 805 149 A1 



ture was heated under reflux for 1 hour After completion of the reaction, the solvent was distilled off under reduced 
pressure and 10 mt of ethyl acetate and 10 ml of water were added to the resulting residue, and the pH was adjusted 
to 7.5 with a saturated aqueous sodium hydrogencartxxiate solution. The organic layer was separated and the aqueous 
layer was extracted three times with ethyl acetate. The connbined organic layer was washed with a saturated aqueous 
5 sodium chloride solution and dried over anhydrous magnesium sulfate, after which the solvent was distilled off under 
reduced pressure to obtain 0.5 g of ethyl (-)-3-[4-[3-(4-cyanophenoxy)propyl]-2.3-dioxopipera2in-1-yl]-3-(pyridin-3- 
yl)propionate as colorless crystals having a melting point of 1 10.5 - 1 12*'C. 

IR (KBr) cm "": vcn 2220, vc„o ^730, 1665. 

10 

Example 57 

(0-3-[4-[3-(4-AnriidinophenoKy)propyq'2,3-dioxopiperazin-l-yq-3HpyricGn-3-yl)pr^^^ acid 

75 In 9 ml of ethanol was suspended 0.45 g of ethyl (-)-3-[4-[3-(4-cyanophenoxy)propyl]-2,3-dioxopiperazin-1-yl]-3- 

(pyridin-3-y1)propionate. and hydrogen chloride gas was introduced into the suspension under ice-cooling until the sus- 
pension was saturated therewith. The resulting solution was allowed to stand ovemight at room temperature and then 
distilled under reduced pressure to remove the solvent. To the resulting residue were added 9 ml of ethanol arxj 1 .2 ml 
of a 3N solution of ammonia in ethanol, and the resulting mixture was heated under reflux for 3 hours and then distilled 

20 under reduced pressure to remove the solvent. To the resulting residue was added 4.5 ml of 6N hydrochloric acid and 
the resulting mixture was stirred at 70^C for 1 hour. The reaction mixture was cooled to room temperature and adjusted 
to pH 4.5 with sodium hydrogencart>onate. Purifying the pH-adjusted reaction mixture by a reversed phase column 
chromatography (eluent: 20% aqueous acetonitrile solution) gave 0.23 g of (-)-3-[4-[3-{4-amidinophenoxy)propyl]-2,3- 
dioxo-piperazin-1-yl]-3-(pyridin-3-yl)propionic acid as colorless crystals having a melting point of 246 - 248''C 

25 (decomp.). 

IR (KBr) cm Vvc^ 1665: [a]d=-91.7 (0=1.0. HgO) 
Example 58 

30 

3-[4-[3-(4-Amidinophenoxy)propyl]-2,3'dioxopiperazin-1 -yl]-3-(pyridin-3-yl)propionic add 

A mixture of 2.3 g of diphenylmethyl 3-I4-[3-(4-tert-butoxycartx)nylamidinophenoxy)propyl]-2.3-dioxopipera2in-1- 
yl]-3-(pyridin-3'yl)propionate. 18.5 mi of anisole and 37 ml of trifluoroacetic acid was stirred at room temperature for 3 

35 hours and tiien distilled under reduced pressure to remove the solvent The resulting residue was suspended in a mixed 
solvent of 15 ml of ethyl acetate and 13 ml of water, followed by adding thereto 0.55 g of sodium hydrogencartx)nate, 
and the resulting mixture was stirred at room temperature for 30 minutes. The aqueous layer was separated, adjusted 
to pH 3.5 with a saturated aqueous sodium hydrogencartx^nate solution, arxj then concentrated to a volume of at)Out 
10 ml under reduced pressure. The resulting concentrate was purified by a reversed phase column chromatography 

40 (eluent: 25% aqueous aeetonltrile solution) to obtain 0.82 g of 3*[4-[3-(4-amidinophenoxy)propyQ-2,3-dioxopiperazin-1 - 
yl]-3-(pyridin-3-yl)propionic add as colorless crystals. 

IR (KBr)cm-'':vc«o '«670. 

NMR (di-TFA) 6 values: 2.0-2.5 (2H, m). 3.5-4.5 (10H. m). 5.7-6.1 (1H. m). 7.17 (2H, d, J=9H2). 7.85 (2H, d. 
45 J=9Hz), 8.23 (1 H. t. J=7Hz). 8.8-9.1 (2H. m), 9.23 (1 H, s). 

Examples 59 to 87 

The compounds listed in Table 8, Table 9. Table 10 and Table 1 1 were obtained in the same manner as in Example 

50 58. 
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10 Example 
No. 



75 



20 



25 



30 



35 



40 



45 



SO 



55:. 



[Table 9] 

X, 0 0 

Cj)— O- Y — N N-A-COOH 

HN 



68 




T 


69 






70 






71 


-t-CH2-^3 




72 


-t- CHj -^3 




73 


-{- CHj -^3 




74 


-f- CHj -^3 




75 


-f- CHj ^3 




76* 


-f- CH2-h3 


N^N 



*: In place of tr if luoroacetic acid, 6N hydrochloric 
acid was used. 
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[Table 11] 



O o 

y-\(j)-0-Y -N^ N-A-COOH 

HN 



10 



Example 
No. 



15 



86 -f-CHj-ha 




so 



87 -r CHj J 3 



■nr 




25 



30 



Physical properties of the compounds listed in Table 8, Table 9. Table 10 and Table 1 1 are shown below. 
• No. 59 



IR(KBr) cm "':vc^ 1680. 

NMR (drTFA): 1.47 (3H, d, J=7Hz), 2.1-2.5 (2H. m). 2.8-3.1 (2H, m). 3.7-4.1 (6H. m). 4.1-4.4 (2H. m). 4.7-5.3 
35 (1 H. m), 7,13 (2H. d, J=9Hz). 7.80 (2H. d, J=9H2). 

• No. 60 

IR(KBr)cnT^:vc^1665. 

40 NMR (drTFA): 2.1-2.4 (2H, m), 3.36 (2H, d, Ja8Hz), 3.7-4.4 (8H. m). 6.29 (1H, t. J=8Hz), 7.12 (2H. d, J=8H2). 

7.48 (5H. S). 7.83 (2H, d, J=8Hz). 

• No. 61 

45 IR (KBr) cm"^ : 1 670. 

NMR (drTFA): 2.0-2.6 {2H. m), 3.38 (2H. d. J=7.5H2). 3.7-4.0 (6H, m). 4.1-4.4 (2H, m). 6.43 (1 H. t J=7.5Hz), 
7.0-7.3 (4H. m), 7.4-7.5 (1H, m). 7.80 (2H, d. J=8H2). 

• No. 62 

so 

IR (KBr) cm '' : vc=o ■*665. 

NMR (drTFA): 2.0-2.7 (2H, m). 3.2-4.7 (10H. m). 5.0-5.3 (1H, m). 7.12 (2H, d, J=9H2). 7.80 (2H. d. J=9H2). 

• No. 63 

55 

IR (KBr) cm '" : 1675. 

NMR (drTFA): 2.0-2.6 (2H. m). Z9-4.4 (13H. m). 4.7-4.9 (2H, m). 5.9-6.3 (1H, m). 7.0-7.6 (7H. m). 7.80 (2H. 
d. J=9Hz). 
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IR (KBr) cm'\ 1670. 

NMR (di-TFA) 6 values: 2.0-2.5 (2H, m). 3.2-4.6 (13H. m), 6.0-6.4 (1H. m), 7.0-8.0 (8H. m). 

• No. 76 :..r:- 

IR (KBr)cm-^:vc„o1665. 

NMR (D2O) 5 values: 1.9-2.5 (2H, m). 3.08 (2H. d. J=8Hz), 3.3-4.5 (8H. m). 5.93 (1H. t J=8H2). 7.05 (2H. d, 
J=9H2). 7.76 (2H. d. J=9Hz). 8.92 (2H, s), 9.19 (1H. s). 

10 • N0.77 

IR(KBr)cm-^:vc„o 1670. 

NMR (di-TFA) 6 values: 2.0-2.5 (2H, m). 3.3-4.5 (10H. m), 6.0-6.4 (1H. m). 6.7-8.0 (7H, m). 
IS m No. 78 

IR (KBr) cm'^: vc«o 1685. 

NMR (di-TFA) 6 values: 2.0-2.5 (2H, rri). 3.0-4.6 (13H, m). 5.9-6.5 (1H. m). 6.8-8.2 (8H. m). 
20 • No. 79 

IR (KBr) cm'^: vc«o 1685, 1670. 

NMR (drTFA) 5 values: 1.8-2,3 (4H, m). 3.5-4.5 (10H. m). 5.8-6.2 (1H. m). 7.14 (2H. d. J=8.5H2), 7.83 (2H, d, 
J=a5Hz). 8.2-8.5 (1H, m). 8.8-9.3 (3H. m). 

25 

m No. 80 

IR(KBr)cm'^:vc^ 1670. 

NMR (di-TFA) 6 values: 2.0-2,6 (2H, m), 3.5-4.5 (10H. m), 5.8-6.2 (1H. m). 7.17 (2H, d, J=.9Hz). 7.83 (2H. d, 
30 J=9Hz). 8.33 (2H. d, J=7Hz). 8.95 (2H, d. J=»7H2). 

• No. 81 

IR (KBr) cm-^ : 1675. 

35 NMR (di-TFA) 5 values: 1 .9-2.5 (2H, m). 3.4-4.5 (10H, m), 5.7-6.6 (1H. m). 6.9-9.0 (6H, m). 

• No. 82 

IR (KBr) cm*^ : vc«o 1665. ryu 
40 NMR (di-TFA) 5 values: 0.8-2.0 (9H. m). 2.1 -2.5 (2H. m), 2.9 (2H, d, J=8H2), 3.7-4.6 (8H, m). 4.7-5.2 (1 H, m), 

7.16 (2H. d. Js:9H2). 7.83 (2H. d. J=9H2). 

• No. 83 

45 IR (KBr) cm-1 : vc„o 1665. 

NMR (di-TFA) 6 values: 0.3-1 .4 (5H, m). 2.1-2.5 (2H. m). 2.9-3.2 (2H. m). 3.7-4.5 (9H. m), 7.14 (2H. d. J=9H2). 
7.81 (2Kd. J=9Hz). . 

m No. 84 

so 

IR(KBr)cm*i: vc«o 1665. 

NMR (di-TFA) 6 values: 2.1-2.5 (2H. m). 3.3-4.5 (10H. m). 6.2-6.6 (1H. m). 6.9-7.4 (3H. m). 7.5-8.3 (8H, m). 

■ ?= 

• No. 85 

£5 

IR (KBr) cm-irvc^ 1665. 

NMR (di-TFA) 6 values: 2.0-2.5 (2H. m). 3.1-4.5 (10H, m). 6.8-7.2 (3H. m). 7.3-8.5 (9H. m). 

• No. 86 
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{Table 12] 



5 




HN . 

V- < 0/~ CONH-y 

BocHN 


0 0 
-N^^ N-A-COOR2a 




10 


Example 
NO. 


y 


A 


R2« 


15 


90 


-t- CH2 ^3 


-CHCH2- 


DPM 


20 


91 


-f- CH2 -±2 


-CH2CH2- 


DPM 


2S 


92 




-CH2CH2- 

0 ^ 


DPM 


30 


93 


-f- CH2 -±2 


-CH2CH- 


DPM 


35 


94 


-f- CHj -ha 


CB.-<0>-0 

-CH2CH- 


DPM 


40 


95 


-t- CH2^2 


-CH2- 


t-Bu 


45 


96 


-4- CH2 -±3 


-CH2- 


DPM 



Physical properties of the compounds listed in Table 12 are shown below. 

so 

m No. 90 

IR (KBr) cm '' : 1735. 1670. 

NMR (de-DMSO) 5 values: 1.3-2.1 (IIH, m). 3.0-4.2 (10H. m). 5.8-6.2 (1H. m). 6.82 (IH, s). 7.2-9,3 (21 H, m). 

55 

O No. 91 

IR (KBr) cm'^ : 1735. 1670. 

NMR (CDCI3) 6 values: 1 .54 (9H. s). 2.6-3.0 (2H, m). 3.2-3.8 (10H, m). 6:85 (1 H. s). 7.30 (10H, s), 7.6-8.4 (7H. 
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[Table 13] 



O O 

V-^Q^CONH-Y -N^ N-A-COOH 



H2N 



Example ^ ^ g^^^ 

NO. 



98 -r- CH2 J 3 



-CHCH2- 

99 -f-CH2-^2 -Cd2CH2- HCl* 



100 -t-CHj-Jj _cH2CH2- 



O 



102 




"7 



CH2 (O)— O 

-CH2CH- 

CH2 ^3 CH2— (0^0 

-CH2CH- 



103 -irCH2-r2 -CH2- HCl* 



104 -f-CH2-l3 -CH2- HCl* 



* Each hydrochloride was obtained by treating a 

product obtained by purification by a reversed phase 
column chromatography, with 6N hydrochloric acid. 



Physical properties of the compounds listed in TatHe 1 3 are shown below. 
No. 98 
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sure, after which 5 ml of ethyl acetate and 5 ml of water were added to the residue and the pH was adjusted to 3 
with a saturated aqueous sodium hydrogencarbonate solution. The aqueous layer was separated and then concen- 
trated to a volume of about 5 ml. The resulting concentrate was purified by a reversed phase column chromatogra- 
phy (etuent: a 2S% aqueous acetonitrile solution) 1o obtain 0.13 g of [4-[3-(4- 
5 - arT«dinaben2enesuKbnylamino)propylh2,3<lioxopiperazin-1 -yl]acetic acid as colorless crystals. 

IR (KBr) cm-^: VC.O 1685. 1655. 

NMR (D2O) 6 values: 1.6-2.1 (2H. m). 3.02 (2H. t J=6Hz). 3.3-3.9 (6H, m), 4.02 (2H, s). 8.04 (4H. s). 
10 Exanple 106 

tert-Butyl [4-[4-(4-ben2yloxycarbonylamidinophenylamino)-4-oxobutyl]-2,3-dioxoptperazin-i -yQacetate 

To 9 ml of a tetrahydrofuran solution containing 0.18 g of 4-(4-tert-butoxycartx)nylmethyl-2.3-dioxopiperazin-1- 
75 yl}butyric acid were added 0.16 ml of triethylamine and then 0.15 ml of chlorotrimethylsilane. and the resulting mixture 
was stirred at room temperature for 30 minutes. The reaction mixture was cooled to -lO^'C. after which 0.10 ml of oxalyl 
chloride was added thereto and the resulting mixture was stirred at the same temperature for 30 minutes. Then. 0.15 
mi of 4-benzyloxyamidinoaniline and 0.80 ml of triethylamine were added thereto, followed by stirring at the same tem- 
perature for 10 minutes and then at O^'C for 1 hour. After completion of the reaction, the insoluble materials were filtered 
2Q. off and the filtrate was concentrated under reduced pressure. The concentrate was purified by a silica gel column chro- 
matography (eluent: chloroform : methanol = 20 : 1) to obtain 0.21 g of tert-butyl [4-[4-(4-benzyloxycark)onylamidinophe- 
nylamino)-4-oxobutyq-2,3-diQxopiperazin-1-yi]acetate as a yellow oil. 

IR (KBr) cm-^: 1735. 1685. 
25 NMR (CDCI3) 5 values: 1.44 (9H. s). 1.8-2.7 (4H. m), 2.8-3.8 (6H. m), 4.05 (2H. s). 5.19 {2K s). 6.8-7.1 (1H. m). 
7.2-7.9 (IIH.m). 

Example 107 

30 [4-[4-(4-Amidinophenylamino)-4-oxolMityQ-2.3-dioxopiperazin-1 -yQacetic add 

To a solution of 0.28 g of tert-butyl [4-[4-(4-ben2yloxycartx)nylamidinophenylamino)-4-oxobutyl]-2,3-dioxopiper- 
pi azin-l-yQacetate in 2.8 ml of methylene chloride was added 1 .4 ml of trifluoroacetic acid, and the resulting mixture was 
stirred at room temperature for 12 hours and then distilled under reduced pressure to remove the solvent. To the result- 
ing residue were added 0.08 g of 5% palladium-caibon and 5.6 ml of N.N-dimethyHbrmamide. followed by hydrogena- 
tion at ordinary temperature and atmospheric pressure for 3 hours. After completion of the reaction, the catalyst was 
filtered off and the filtrate was concentrated under reduced pressure. To the resulting concentrate were added 5 ml of 
water and 0.042 g of sodium hydrogencarbonate to obtain a homogeneous solution. This solution was purified by a 
reversed phase column chromatography (eluent: a 10% aqueous acetonitrile solution) to obtain 0.08 g of [4-[4-(4-amid- 
40 inophenylamino)-4-oxobutyl]-2.3-diQxopiperazin-1 -yQacetic add as cotorless crystals. 

IR (KBr)cm-"': vc^ 1675. 

NMR (di-TFA) d values: 1.9-3.1 (4H. m). 3.3-4.6 (8H. m), 7.5-8.8 (4H, m). 
45 Exanple 108 

(-)-3-[4-[3-(4-AmidinophenQxy)propyl]-2.3-dioxopipera2in-1 -yI]-3-(pyridin-3-yl)propionic add trihydrate 

In 20 mi of water was suspended 3.1 g of the (-)-3-[4-[3-(4-amidinophenoKy)propyl]-2,3-dioxopiperazin-1-y1]-3-(pyri- 
so din-3-yl)propionic acid obtained in Example 57. and the suspension was heated to obtain a homogeneous solutfon. This 
solution was allowed to stand overnight at room temperature, after which the crystals precipitated were collected by fil- 
tration, washed with 3 ml of water, and then dried at room temperature to obtain 2.58 g of (-)-3-{4-[3-(4-amidinophe- 
noxy)propy1]-2,3-diQxoplperazin-1-yl]-3-(pyridin-3-yl)propionic acid trihydrate as colorless crystals having a melting 
point of 238 - 240^*0 (decomp.). 

55 

IR (KBr) cm''': 1655. 
[aid -81 .5 (C=1.4. H2O) 
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16. The 2.3-diketopipera2ine derivative or its salt according to Claim 15. wherein Y represents a lower alkylene group. 

17. The 2,3-diketoplperazine derivative or its salt according to Claim 16, wherein represents an amidino group. 

5 18. The 2,3-<fiketopiperazine derivative or its salt according to Claim 17. wherein the broken ene represents a single 
bond. 

19. The 2,3-diketopiperazine derivative or its salt according to Claim 1 . wherein B represents -SO2NH-. 
10 20. The 2.3<liketopq3erazine derivative or its salt according to Claim 19. wherein Y represents a lower alkylene group. 

21. The 2.3-diketoplperaztne derivative or its salt according to Claim 20. wherein represents an amidino group. 

22. The 2.3-diketopiperazine derivative or its salt according to Claim 21, wherein the broken line represents a single 
IS bond. 

23. 3^4-[3-(4-Amidinophenaxy)propyI]-2.3<lioxopiperazin-l-yQ-3-(pyridin-3-yl)propio^^^ add or its optical isomer, or a 
salt of eitiier of them. 

20 24. 3-[4-[3-(4-Amidinophenc»y)propyl]-2,3<lioxopiperazin-1-yq-3i3henylpro^ acid or its optical isomer, or a salt of 
either of them. 

25. 3-[4-[3-(4-Amidinophenoxy)propyq-2,3-dioxopiperazin-1-yq-3-(2-methaxyphen^^ acid or its optical iso- 
mer, or a salt of either of them. 

25 

26. 3-[4-[3-(4-AmkiinophenQxy)propyq-2,3<Siaxopiperazin-1-yq-3-(3-methQxyphenyl)pr^^ acid or its optical iso- 
mer, or a salt'of either of them. 

27. 3-I4-[3-(4-Amidinophenoxy)propyl]-2,3-dioxopipera2in-1-yl]-3-(4-methoxyphenyl)propionic acid or its optical iso- 
30 mer. or a salt of either of them. 

28. 3-[4-[3-(4-Amidinophenoxy)propyl]-2,3-dioxopipera2in-1-yl]-3-(2.3-methylenedioxyphenyl)propionic add or its opti- 
cal isomer, or a salt of either of tiiem. 

35 29. 3-[4-[3-(4-An[iidinophenQxy)propyq-2,3-dioxopiperazin-1-yq-3-(thiophen-3-yO^ acid or its optical isomer, or 

a salt of eitiier of them. 

30. 3-[4-[3-(4-Amidinophenoxy)propyl]-2,3-dioxopipera2in-1-ylJ-3-(2,4-difluorophenyl)propionic add or its optical iso- 
mer, or a salt of either of them. 

31 . Use of a 2.3-diketoplperazine derivative or a salt tiiereof as claimed In any one of Claims 1 to 30, as an antithrom- 
t}otic agent. 

32. A pharmaceutical composition comprising a pharmaceutically effective amount of a 2.3-diketopiperazine derivative 
45 or a salt tiiereof as daimed in any one of Claims 1 to 30 and a pharmaceutically acceptable preparation adjuvant. 



so 
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